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Clouds in the Smoke Environment

Smoke during biomass burning season in Amazon
http://earthobservatory.nasa.gov




Clouds in the Dust Environment

Saharan dust storm http://earthobservatory.nasa.gov




Clouds in the Polluted Environment

Pollution in Asia www.conservationmagazine.orq




Smoke
Biomass burning -> soot, black carbon and organic carbon.
—> darker colored readily absorbs sunlight
—> warm the atmosphere and shading the surface

Dust
Sandstorms —> mineral dust.

—> colors depending on the properties of the minerals that
comprise the dust grains, and whether they have darker
or brighter colors.

Sea-Salt
Sea sprays —> sea-salt.
—> Bright-colored
—> reflect most sunlight they encounter
and cooling the atmosphere and surface.
Anthropogenic

Mixture of acrosols = Automobiles, incinerators, power plants, constructions
—> black carbon, sulfate, and nitrate particles, etc.



CALIPSO Aerosol Types

 CALIPSO aerosol profile data (CAL-LID-L2-05kmAPro), acrosol layer data
(CAL-LID-L2-05kmALay), both including aerosol-type classification

— There are 7 aerosol types:

— Smoke,

— Dust,

— Polluted Continental,
— Polluted Dust,

— Clean Continental,

— Clean Marine,

— Dusty Marine



CloudSat Cloud Types

*  CloudSatCALIPSO combined cloud profiles (2C-ICE, 2B-CLDCLASS-
LIDAR) and radar-visible combined retrieval 2B-CWC-RVOD. These data
include cloud water content, cloud optical depth, cloud fraction, cloud layer
top/base height and cloud-type classification

— There are 8 cloud type

— Deep convective (Dc),
— Cirrus (Ci),

— Nimbostratus (Ns),

— Altostratus (As),

— Altocumulus (Ac),

— Cumulus (Cu),

— Stratus (St),

— Stratocumulus (Sc).
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Science question

* How do different types of aerosol affect the microphysical and
macrophysical properties of different types of cloud?

— Convective Clouds in Smoke and Dust Environment



Aerosol may inhibit convection [Ramanathan et al. 2005; 2007]

—> Absorptive aerosols warm the first several kilimoters of the temperature profile,
thereby stabilizing temperature profiles, and stabilization inhibited convection.

—> Increasing drought may occur in the coming decades of this century

Aerosol may enhance convection: [Khain et al., 2005; Rosenfeld et al., 2008]

—> Increase in aerosols suppress warm rain processes, permitting more liquid water to reach
the freezing level, and thereby enhance latent heat release in the upper portions of clouds.

—> Convective invigoration
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Cloud Height Changes (m)
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Change of CAPE relative to clean condition (J/kg)
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Change of CAPE relative to clean condition (J/kg)
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Change of CAPE relative to clean condition (J/kg)
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MISR Observed Aerosol types in July 2007

Key Spherical Non-Absorbing From: Kahn et al. 2010, JGR,
[l spherical Absorbing d0i:10.1029/2010JD014601

Non-Spherical




Summary

* Over the three study regions of South America, Africa, and
South East Asia, the results show:

— Convective clouds developed in Smoke environment have
lower cloud height and associated with smaller CAPE,
suggesting smoke aerosols (from biomass burning) may
affect cloud developments by suppressing the convective
development.

— Convective clouds developed in Dust environment have
higher cloud height and associated with larger CAPE,
suggesting dust aerosols may enhance the deep convection.



